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The effective bandwith of tuned circuits for noise with a power-law spectrum is derived 
and discussed. Comparison is made with the usual case of '^flat" noise. 



The noise bandwidth of tuned (RLC) circuits for 
'Svhite/^ or ^^flat/' noise is well known. ^ However, 
corresponding results for noise with other types of 
spectra have apparently not been discussed very 
much. In connection with some noise-measurement 
work currentlA' going on at the National Bureau of 
Standards, the writer worked out the efl'ective noise 
bandwidth in the case of an /« spectrum (/ being the 
frecjuency). The ratio between the effective band- 
width for the noise and IIh^ half-i)ower bandwidth is, in 
some cases, appreciably diU'tM-eut from the well-known 
factor 1.57 that applies to fhit noise; in other cases, 
the correction is quite small. These results are 
ofr(M-(Ml- for publication in the belief that this knowl- 
edge will be of value to others engaged in noise work. 
Spectra of this form are encountered in transistor 
noise, resistor current noise, flicker effect noise, etc. 

We consider a random noise current wliose spec^tral 
intensity (often called power spectrum) foHows the 
law/", driving a circuit consisting of the parallel^ 
elements /?, L, C. 

The impedance Z of such a stage is 
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whovQ Jo=(27rLC)~^^'' is the resonajice freqiuuicy, and 

,__ 1 __l_27r/oZ_l /Z 
'^~2irj,BC~Q~ R ~RMC 

is the dissipation factor or reciprocal of Q. It is 
easily shown that cf/o is the frequency difference 
between the half -power points of the circuit; that 
is, it is the bandwidth h. 

The mean -square output voltage of the circuit 
when driven b}^ the noise is, with an obvious nor- 
malization, 
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1 See e. g., Valley and Wallman, Vacuum tube amplifiers, p. 169 (McGraw-Hill 
Book Co., Inc., New York, N. Y., 1948). 

2 The results may be easily applied to the series RLC case. 
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Th(* main task before us then is the evaluation 
of /. This evaluation is facilitated l)y the change 
of variable y=x^^, which gives 
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y^-\-2y cos X + 1 



where 



cos A=^^ 1. 



This integi'al may now easily be evaluated by con- 
tour integration in the complex plane. Omitting 
the details, the result is 



/= 



sin(^+^-): 
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if — 3<a<l and —wZ\<^t. 

The restrictions on a and X must be carefully 
adhered to. If values of a outsi(h^ tlu* specific^d range 
are used, the integral will diverge. Thus the (k^vice 
of assuming that the spectral law is con,stant for all 
frequencies, which appears to be justified in many 
cases when the integral will converge, cannot be used 
when a>l or < — 3 . 

Now we mav define the effective bandwidth as 



B= 



(V) 



so that 



B=bdl. 
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(6) 



For flat noise we insert a = in (4), obtaiiring 
I=Tr/2d, so that 

(7) 



5„=|6, 



which is the well-known result for flat noise, 
subscript refers to the case a=0. 



The 



93 



Using (7), (4), and (6), we may now write 



B 



sin-(l + a) 



sin-(l + «) 
sin X 



(8) 



BJBq is the correction factor for the effective noise 
bandwidth resulting from the deviation of a from 0. 

The correction factor BJBq is an even function of 
a+1, that is for example, it is the same for a=0 as 
it is for a:= — 2. (Therefore, we have the interesting 
result that the effective bandwidth for a=—2 is 
the same as it is for flat noise.) 

A plot of BJBq versus a for fixed d would take the 
form of a U-shaped curve with the bottom of the 
U occuring at «== — 1: The curve is symmetrical 
about a= — 1. BjBfi is less than 1 in the range 
— 2<;a<;0, is equal to 1 for «= — 2 and a=0^ and 
is greater than 1 outside this range; it increases 
toward infinity as a approaches 1 from the left or 
— 3 from the right. 

A family of curves for BJBq may be plotted without 
difficulty. However, a quick idea of the magnitude 



of the correction may be obtained from the following 
formulas to which (8) reduces in special cases: 
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For example, for r/— 0.1, a= — l, we find immedi- 
ately B/Bo^l-d/ir^0.97. 

Thus for reasonably high values of Q(=l/d), the 
corrections in the range — 2<^q:<^0 are rather small. 
Outside this range the corrections may be large. 

Washington, May 19, 1953. 
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